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Introduction
Described herein are the proof-of-concept results demonstrating a new approach to electrochemical sensors based upon chemically sensitive microelectrochemical devices (1-2). A typical device consists of at least two individually addressable electrodes. The working electrode is a microelectrode and is derivatized with at least one molecule that has a chemically sensitive formal potential and serves as the indicator, and one molecule that has a chemically insensitive formal potential and serves as a reference. The indicator and reference molecules are confined to the electrodes either by monolayer self assembly techniques (3-10) or by dissolving in a thin film of solid electrolyte. Detection in these systems is accomplished by measuring either the potential difference, AE, associated with current peaks for oxidation (or reduction) of microelectrode-confined redox reagents, where the magnitude of AE can be related to the concentration of analyte, Scheme 1a; or in some systems, by measuring the change in current AI associated with the shifted peak, where AI can be related to the reaction of the indicator molecule with the of analyte, Scheme Ib.
In the case of a two-terminal device, current peaks for oxidation (or reduction) of the reference and indicator molecules are determined from two-terminal, linear sweep voltammograms using a counter electrode having an area much larger than the sensor electrode, Scheme I. A relatively large surface area counter electrode is needed so that the linear sweep of applied voltage produces only a change in the potential of the sensor electrode. For example, if the counter electrode is 10 3 times larger than the sensor electrode, the counter electrode potential will change -I mV upon application of a one volt potential difference. A key advantage of this device configuration is that it does not require a third reference electrode. A second advantage is that the footprint of the sensor can be quite small. And third, the system is self-assessing in that the linear sweep voltammetry yields an assessment of the surface coverage of the indicator and reference molecules. The sensor is viable as long as current peaks are measurable.
Realization of two-terminal microsensors like that represented in Scheme I depends on the discovery of viable reference and indicator molecules that can be confined to electrode surfaces.
Described herein are three different microelectrochemical sensing sytems. The first is a three-terminal microelectrochemical sensing system for CO based upon an indicator molecule, ferrocenyl ferrazetine, that selectively reacts with CO (2). The second microelectrochemical system is bas.-A upon a disulfide functionalized ferrocenyl ferraazetine that can be adsorbed onto Au or Pt via monolayer self-assembly techniques. Efforts to make a two-terminal CO sensor based upon the self-assembled ferraazetine will be discussed. Finally, a two-terminal system based upon the self-assembly of a pH sensitive hydroquinone and a pH insensitive ferrocene will be described (I). known to attack the 0 atom of the metallacyclic ring carbonyl of 2b and 2c, and the product formed from the methylation of 2b has been crystallographically characterized (12) . Furthermore, alkali cations, through a interaction similar to that proposed in equation (2) , are known to inhibit the decarbonylation of transition metal acyl complexes (25) .
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Because of the irreversible reaction between Ic and CO to form 2c and the concomitant irreversible 100 mV shift in E1/ 2 in the solid-state, accumulation of CO may be monitored by measuring the growth of the electrochemical response for 2c. Such a device could be used to measure an accumulated exposure to CO, or simply as a disposable detector that measures a change in CO concentration in a given environment by monitoring the ratio of the currents associated with 2c and Ic. One of the device limitations is that because of slow diffusion in the solid electrolyte, slow scan rates must be used and if the indicator and reference molecules of interest are unstable in one redox form, the system may not be durable. An advantage of a molecule based approach to sensing systems is that the selectivity of the system can be designed by choice of indicator molecule.
In fact Ic does not react with the usual atmospheric gases or H 2 demonstrating that the solid-state microelectrochemical system in Scheme II is selective for CO. Figure 5 where a saturated calomel reference electrode (SCE) was used. Figure 6 shows, for pH 0-10, the lack of an effect of pH on E 1 /2 of the surface confined Fc /Fc system and also shows the pH dependence of the potential difference between the cathodic current peaks, AEp, for the processes shown in equations (5) and (6 
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The surface-confined Fc+/Fc system behaves ideally (33) at all values of pH investigated (0-10).
The surface-confined Q/QH 2 is not ideal, in that there is a large difference in the potential for the anodic and cathodic current peaks. Such behavior is well documented for other quinones (34) (35) .
Despite the non-ideality, the effect of pH on the electrochemical response of Q/QH 2 is reproducible.
Both the anodic and cathodic current peaks for the quinone system shift to more positive potentials at lower pH.
Study of electrodes modified with 4b and 5, and subsequently examined in highly acidic media establishes a possible application of this device. 
EXPERIMENTAL
Instruments and eguipment: IR spectra were recorded using either a Nicolet 60SX or 170SX
Fourier transform infrared spectrometer. 1 H NMR were recorded using a Bruker WM250 or AC250
Fourier transform spectrometer and mass spectra were recorded using a Finnegan MAT System 8200 mass spectrometer.
Materials: All solvents were dried by stirring over Na/benzophenone (pentane, tetrahydrofuran, electrolyte; an SCE reference electrode was used.
